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(54) Multilayer circuit board 

(57) The present invention provides a multilayer cir- 
cuit board for mounting thereon a semiconductor chip or 
other electronic elements having electrode terminals or 
other connection terminals which are arranged in a grid, 
staggered, or close-packed manner in an improved form 
to enable reduction in the number of the wiring layers for 
lead wiring lines, thereby facilitating the production of 
multilayer circuit boards and providing an improved 
product reliability The multilayer circuit board com- 
prises: a base board having a mounting surface for 
mounting thereon a semiconductor chip and/or other 
electronic elements having lattice-arranged connection 
terminals; connection terminal pads (8) arranged on the 
mounting surface to form a plane lattice corresponding 
to the lattice arrangement of the connection terminals 
and having lattice sites each occupied by one of the 
connection terminal pads (8); lead wiring lines (7) lying 
on the mounting surface and having one end connected 
to the connection terminal pads (8) and the other end 
extending outwardly from the plane lattice; and the said 
plane lattice having a peripheral zone including periodic 
vacant lattice areas (A) formed by vacant lattice sites 
(10) occupied by no connection terminal pads (8). 



Fig.l 




Fig.2 



CM 
< 

CO 

o 

LU 



INSDOCrO: <EP 1071316A2J_> 



• • OO O #• O OO • • O O O O O O O CO 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



1 



EP 1 071 316 A2 



2 



Description 

[0001] The present invention relates to a multilayer 
circuit board, for mounting thereon a semiconductor 
chip and/or other electronic elements, having lattice- 5 
arranged connection temninals and to a semiconductor 
device including the multilayer circuit board having a 
semiconductor chip and/or other electronic elements 
mounted thereon. 

[0002] Figure 8 shows a semiconductor device io 
composed of a monolayer circuit board 5 provided with 
a semiconductor chip 4 mounted thereon by flip-chip 
bonding. The semiconductor chip 4 has a electrode ter- 
minal carrying surface 2 having a peripheral area in 
which electrode terminals 6 are arranged in one row or 15 
line and are electrically connected to one end of the 
lead wiring lines 7 lying on the circuit board 5. 
[0003] Rgure 9 shows a plane an-angement of the 
lead wiring lines 7 and connection terminal pads 8 
arranged in two rows or lines on the circuit board 5. The 20 
connection terminal pads 8 have the same plane 
arrangement as that of the electrode terminals 6 of the 
semiconductor chip 4. The connection temninal pads 8 
on the outermost line have the lead wiring lines 7 
directly extending outward and the other connection ter- 25 
minals 8 have the lead wiring lines 7 outwardly extend- 
ing through a space between neighboring connection 
terminal pads 8 on the outer most line. 
[0004] Rgure 10 shows a semiconductor device 
composed of a multilayer circuit board 50 including four 30 
circuit boards 5a to 5d, and a semiconductor chip 4 
mounted thereon and having many rows or lines of elec- 
trode terminals 6. Lead wiring lines 7 are disposed on 
separate layers 5a to 5d to avoid interference therebe- 
tween. The four circuit boards 5a to 5d having respec- 35 
tive lead wiring lines 7 fonned thereon are laminated to 
provide electrical connection of all the electrode termi- 
nals 5 to external connection terminals 9. The lead wir- 
ing lines 7 are composed of lateral portions 7a lying on 
the circuit boards 5a to 5d and via portions 7b penetrat- 40 
ing through one or more of the circuit boards 5a to 5d, in 
which the vias 7b provide electrical connection from the 
electrode terminals 6 to the lateral portions 7a or from 
the lateral portions 7a to the external connection termi- 
nals 9. 45 
[0005] On the electrode terminal carrying surface 2 
of the semiconductor chip 4, the electrode terminals 6 
are usually arranged in a grid form, a staggered form, a 
close-packed form or the like, which can be collectively 
referred to as a lattice arrangement. A circuit board for so 
mounting a semiconductor chip 4 thereon has connec- 
tion terminal pads 8 formed thereon in an arrangement 
corresponding to that of the electrode terminals 6 on the 
electrode terminal carrying surface 2 of the semicon- 
ductor chip 4, in which the distance or space between 55 
neighboring connection temninal pads 8 is determined 
so that at least one of the lead wiring lines 7 can run 
through the space. 



[0006] Upgrading of the semiconductor chip 
requires an increased number of input/output terminals 
or connection terminals and an increased number or 
density of the connection terminal pads 8. 
[0007] Figure 1 1 shows actual pad arrangements, 
i.e., (a) a grid form, (b) a staggered form and (C) a 
close-packed form. The nearest neighboring pads 8 
have a space s therebetween. The space s must be suf- 
ficiently large to allow at least one of the lead wiring 
lines 7 to run therethrough. On the other hand, the 
space s is desirably as small as possible to provide an 
increased density of the pads 8 for an increased 
number of input/output terminals of a semiconductor 
chip. The lower limit of the space s also depends on a 
process tolerance which can be stably achieved in the 
production process. 

[0008] If the pads 8 are arranged with a space s as 
small as the process tolerance, none of the lead wiring 
lines 7 can run through the space s. Namely, although 
lead wiring lines 7 can directly extend from the pads B 
on the outermost line of the lattice, additional wiring lay- 
ers are necessary to enable lead wiring lines 7 to extend 
from the pads 8 on the inner lines of the lattice to avoid 
interference between lead wiring lines. This undesirably 
increases the number of wiring layers, which should be 
reduced to achieve an improved production efficiency. 
[0009] An increase in the number of the wiring lay- 
ers also causes a problem in the product yield, the prod- 
uct reliability and the production cost. Although an 
increased number of wiring layers can be achieved by a 
build-up process or the like, the technological difficulty is 
increased with the increase in the number of wiring lay- 
ers, which involves an additional problem of ensuring 
the interlayer electrical connection while ensuring an 
improved wiring density in the respective layers, includ- 
ing good electrical connection over the entire wiring as 
a whole. 

[0010] An object of the present invention is to pro- 
vide a multilayer circuit board for mounting thereon a 
semiconductor chip or other electronic elements having 
electrode terminals or other connection temninals which 
are grid- or stagger-ananged in an improved form to 
enable reduction in the number of the wiring layers for 
lead wiring lines, thereby facilitating the production of 
multilayer circuit boards and providing an improved 
product reliability. 

[0011] Another object of the present invention is to 
provide a semiconductor device using the improved 
multilayer circuit board. 

[0012] To achieve the object according to the 
present invention, there is provided a multilayer circuit 
board comprising: 

a base board having a mounting surface for mount- 
ing thereon a semiconductor chip and/or other elec- 
tronic elements having lattice-arranged connection 
terminals; 

connection terminal pads arranged on the mount- 
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ing surface to form a plane lattice corresponding to 
the lattice arrangennent of the connection terminals 
and having lattice sites each occupied by one of the 
connection terminal pads; 

lead wiring lines lying on the mounting surface and 5 
having one end connected to the connection termi- 
nal pads and the other end extending outward from 
the plane lattice; and 

the said plane lattice having a peripheral zone 
including periodic vacant lattice areas formed by io 
vacant lattice sites occupied by no connection ter- 
minal pads. 

[0013] According to a preferred embodiment, the 
vacant lattice areas have an open outer side and a i5 
closed inner side defined by the connection terminal 
pads in a number of r defined by: 

r = b(d + s)/(w + s), d > s and d > w, 

20 

where b is a number of vacant lattice sites occupied by 
no connection terminal pads on the open outer side, d is 
a diameter of the pads, w is a width of the lead wiring 
lines and s is a distance between neighboring pads and 
is also a distance between neighboring lead wiring 25 
lines, said r connection terminal pads each having a 
lead wiring line having one end connected thereto and 
the other end extending outward from the plane lattice. 
[0014] Typically, the vacant lattice areas are in the 
form of a triangle or a trapezoid having a base defined 30 
by an outennost line of the vacant lattice sites. 
[0015] The present invention also provides a semi- 
conductor device comprising the above-specified multi- 
layer circuit board having a semiconductor chip and/or 
other electronic elements mounted thereon by area- 35 
array bonding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 40 

Figure 1 is a plan view showing an arrangement of 
connection terminal pads with lead wiring lines 
extending therefrom on a multilayer circuit board 
according to the present invention; 45 
Fig. 2 is a plan view showing an an^ngement of 
connection terminal pads forming a close packed 
plane lattice having a peripheral zone including 
periodic vacant lattice areas in the form of a triangle 
with the base defined by four vacant lattice sites so 
according to the present invention; 
Fig. 3 is a plan view showing another arrangement 
of connection terminal pads forming a close packed 
plane lattice having a peripheral zone including 
periodic vacant lattice areas in the fomn of a triangle 55 
with the base defined by two vacant lattice sites 
according to the present invention; 
Fig. 4 is a plan view showing a preferred embodi- 



ment of a close-packed plane lattice of connection 
terminals with lead wiring tines extending therefrom 
through periodic triangular vacant lattice areas on a 
first or top wiring layer of a multilayer circuit board 
according to the present invention; 
Fig. 5 is a plan view showing a close packed plane 
lattice of connection terminal pads with lead wiring 
lines extending therefrom through periodic trape- 
zoidal vacant lattice areas on a second wiring layer 
of the multilayer circuit board shown in Fig. 4; 
Rg. 6 is a plan view showing a close packed plane 
lattice of connection terminal pads with lead wiring 
tines extending therefrom through periodic trape- 
zoidal vacant lattice areas on a third wiring layer of 
the multilayer circuit board shown in Fig. 5; 
Rg. 7 is a plan view showing a close packed plane 
lattice of connection terminal pads in which the tri- 
angular and trapezoidal vacant lattice areas are 
also provided on the further wiring layers lying 
under the third layer of Fig. 6; 
Rg. 8 is a cross-sectional view showing a conven- 
tional semiconductor device composed of a monol- 
ayer circuit board with a semiconductor chip 
mounted thereon by flip-chip bonding; 
Figure 9 is a plan view showing a plane arrange- 
ment of lead wiring lines and connection terminal 
pads arranged in two rows or lines on the circuit 
board shown in Fig. 8; 

Rgure 10 is a cross-sectional view showing a sem- 
iconductor device composed of a multilayer circuit 
board including four circuit boards and a semicon- 
ductor chip 4 mounted thereon; and 
Figure 11 is a plan view showing usual pad 
arrangements including (a) a grid form, (b) a stag- 
ger form and (c) a close packed fonn. 

[0017] According to a preferred embodiment of the 
present invention, a multilayer circuit board has connec- 
tion terminal pads arranged in the form of a close 
packed plane lattice at spaces therebetween that are as 
small as the process tolerance to provide as high a den- 
sity of connection terminal pads as practically possible, 
in which no lead wiring lines can directly extend through 
the spaces, from pads on the inner lines of the plane lat- 
tice outward from the plane lattice. According to the 
present invention, the provision of vacant lattice areas in 
the peripheral zone of the plane lattice enables lead wir- 
ing lines to directly extend outward from pads on the 
inner lines of the plane lattice. 

[0018] Figure 1 is a partial plan view of an arrange- 
ment of connection terminal pads 8 and lead wiring 
lines 7 on a multilayer circuit board of a preferred 
embodiment of the present invention. A plane lattice 
(not shown) of pads 8 in the peripheral zone has a 
vacant lattice area A formed by vacant lattice sites 10 
(only sites on the outermost line shown) occupied by no 
pads. The vacant lattice area A has an open outer side 
A1 and a closed inner side A2 defined by the connection 
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termina! pads 8 in a number r defined by the formula 
described below so that lead wiring lines 7 can extend 
from alt the connection terminal pads 8 defining the 
closed inner side A2 of the vacant lattice area A. 
[0019] The number r of lead wiring lines 7 which 
can extend outward through the open outer side A1 of 
the vacant lattice area A is defined by the following for- 
mula: 

r = b(d + s)/(w + s), 

where b is the number of vacant lattice sites 1 0 occu- 
pied by no connection terminal pads 8 on the open outer 
side A1 , d is the diameter of the pads 8, w is the width 
of the lead wiring lines 7 and s is the distance between 
neighboring pads 8 or between neighboring lead wiring 
lines 7. 

[0020] In a close packed plane lattice, the space s 
between neighboring pads 8 or between neighboring 
lead wiring lines 7 is as small as the process tolerance 
or the lower limit which can be stably achieved by the 
production process, i.e.. pads 8 or lead wiring lines 7 
cannot practically be disposed at intervals smaller than 
the space s 

[0021] The fomnula means that r lead wiring lines 
can extend from a vacant lattice area having an open 
outer side incljdtng b vacant lattice sites, i.e., that a 
vacant lattice area may be designed to have a closed 
inner side defined by a line of r pads from which lead 
wiring lines can extend through an open outer side 
defined by a lire of b vacant lattice sites. 
[0022] It Will be readily recognized by a skilled per- 
son that the provision of the vacant lattice area is only 
effective when the number r of lead wiring lines which 
can directly extend from the vacant lattice area is 
greater than the number b of vacant lattice sites on the 
open outer side ot the vacant lattice area. 
[0023] This relationship between the numbers r and 
n also means that the space between pads of the plane 
lattice is minimized to the process tolerance or practi- 
cally acceptable limit and provides the most efficient 
extension of lead wiring lines from pads. 
[0024] The vacant lattice area is not limited to have 
a triangular shape as shown in Fig. 1 but may have any 
other shape. The plane lattice area may be a grid form, 
a staggered form, a dose-packed form, or another form. 
[0025] The multilayer circuit board according to the 
present invention may mount thereon a semiconductor 
chip and/or other electronic elements including a sur- 
face mount-type semiconductor device having a large 
number of grid- or stagger-arranged connection termi- 
nals. The term "connection terminal" used herein collec- 
tively refers to the electrode terminals ot a 
semiconductor chip and also to the connection termi- 
nals of other electronic elements. 



Examples 

[0026] Figure 2 is a plan view of a close-packed 
plane lattice of connection terminal pads 8, according to 

5 the present invention, in which the lattice in the periph- 
eral zone has periodic vacant lattice areas A having 
vacant lattice sites occupied by no pads 8. The vacant 
lattice areas A have a triangular shape with the base 
defined by the vacant lattice sites on the outermost line 

10 ot the plane lattice. A semiconductor chip or other elec- 
tronic elements to be mounted on the multilayer circuit 
board of the present invention has electrode terminals 
or connection terminals arranged in a plane lattice form 
including vacant lattice sites corresponding to the plane 

15 lattice and vacant lattice sites of the multilayer circuit 
board. 

[0027] The vacant lattice areas A shown in Rg. 2 
have a triangular shape with the base defined by four 
vacant lattice sites on the outermost line of the plane lat- 

20 tice. The number of vacant lattice sites may vary with 
the desired size of the vacant lattice area A, as exempli- 
fied in Fig. 3 in which triangular vacant lattice areas A 
have a base defined by two vacant lattice sites. 
[0028] Figures 4 to 6 show laminated wiring layers 

25 each having a plane lattice of connection temninal pads 
of a multilayer circuit board according to a preferred 
embodiment of the present invention. The wiring layers 
have respective plane lattices of connection terminal 
pads 8, in which the lattices have correspondingly posi- 

30 tioned lattice sites, i.e., the corresponding lattice sites of 
the different wiring layers are aligned with each other 
along a line normal to the surface of the circuit board. 
[0029] Figure 4 shows the first or top wiring layer on 
which a semiconductor chip is mounted. A close- 

35 packed plane lattice of connection terminal pads 8 has 
a peripheral zone in which triangular vacant lattice 
areas A are periodically disposed and have a closed 
inner side defined by the connection terminal pads 8a 
forming an outermost profile line of the plane lattice. 

40 Lead wiring lines 7 can outwardly extend from all of the 
pads 8a through a space provided by the triangular 
vacant lattice area A of the first layer. 
[0030] Figure 5 shows the second wiring layer lying 
immediately under the first layer. A close-packed plane 

45 lattice of connection terminals 8 has a peripheral zone 
in which trapezoidal vacant lattice areas A are periodi- 
cally disposed and have a closed inner side defined by 
the connection terminal pads 8b forming a profile fine 
immediately inside the outemnost profile line of the first 

50 layer. Lead wiring lines 7 can outwardly extend from all 
of the pads 8b through a space provided by the trape- 
zoidal vacant lattice area A of the second layer. 
[0031] Figure 6 shows the third wiring layer lying 
immediately under the second layer. A close-packed 

55 plane lattice of connection terminal pads 8 has a periph- 
eral zone in which trapezoidal vacant lattice areas A are 
periodically disposed and have a closed Inner side 
defined by the connection temninal pads 8c fonning a 
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profile line immediately inside the profile line of the sec- 
ond layer. Lead wiring lines 7 can outwardly extend from 
all of the pads 8c through a space provided by the trap- 
ezoidal vacant lattice are A of the third layer. 
[0032] The triangular and trapezoidal shapes of the 
vacant lattice areas A advantageously enable lead wir- 
ing lines 7 to extend from alt of the connection terminal 
pads 8 forming the profile line of the plane lattice. 
[0033] Referring to Fig. 6, the pads 8d are left free 
of lead wiring lines 7 extending therefrom on the third 
layer and may have lead wiring lines 7 extending there- 
from on the next layer. 

[0034] Further inner pads (not shown) also may 
have lead wiring lines extending therefrom on the sub- 
sequent layers, and if the number thereof is not large, 
lead wiring lines may extend from outermost pads in a 
conventional manner used in a close packed arrange- 
ment of connection terminal pads. 
[0035] Figure 7 shows another embodiment in 
which the plane lattices on the subsequent layers also 
have a peripheral zone in which vacant lattice areas are 
periodically disposed as in the preceding layers 
described above, in this embodiment, the pads 8d fomn 
the closed inner side of vacant lattice areas on the 
fourth wiring layer Lead wiring lines 7 can outward 
extend from alt of the pads 8d through a space provided 
by a triangular vacant lattice area. On the fifth and fur- 
ther layers, lead wiring lines can outward extend in the 
same manner as described above referring to Fig. 5 and 
6. 

[0036] The provision of triangular or trapezoidal 
vacant lattice areas on a close paclced plane lattice of 
connection terminals advantageously provides an 
increased number of effective pads from which lead wir- 
ing lines can outwardly extend in comparison with the 
conventional close pacl<ed plane lattice in which lead 
wiring lines can only extend outwardly from outermost 
pads on a linear profile line of the plane lattice. 
[0037] The herein described preferred embodi- 
ments do not only apply to a close packed pad arrange- 
ment but also apply to grid or stagger arrangement of 
connection terminal pads. 

[0038] According to this embodiment, there is also 
provided a semiconductor device in which a semicon- 
ductor chip 4 or other electronic element is bonded to 
the mounting surface of the present inventive multilayer 
circuit board with the connection terminals of the elec- 
tronic element being aligned w'rth the pads 8 of the 
board and the pads 8 are electrically connected to the 
lateral portions of the lead wiring lines 7 through the via 
portions 7b so that the semiconductor chip or other 
electronic element is electrically connected to external 
connection terminals of the multilayer circuit board for 
mounting on a motherboard. The multilayer circuit board 
may be produced by fonning lead wiring lines 7, pads 8 
and vias 7b by build-up process or the like to provide 
electrical interconnection between layers. 
[0039] As herein described, the present invention 
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provides a multilayer circuit board in which extension of 
lead wiring lines from connection terminal pads is most 
effectively achieved even when the pads are disposed 
at a minimum space as small as a process tolerance so 

5 that the multilayer circuit board has a number of wiring 
layers minimized to facilitate production thereof and pro- 
vide an improved reliability of the product. 
[0040] The present invention also provides a com- 
pact and reliable semiconductor device composed by 

10 mounting on the multilayer circuit board of the present 
invention a semiconductor chip and/or other electronic 
element 

Claims 

15 

1. A multilayer circuit board comprising: 

a base board having a mounting surface for 
mounting thereon a semiconductor chip and/or 

20 other electronic elements having lattice- 

arranged Connection terminals; 
connection terminal pads arranged on the 
mounting surface to fonrt a plane lattice corre- 
sponding to the lattice arrangement of the con- 

25 nection terminals and having lattice sites each 

occupied by one of the connection terminal 
pads; 

lead wiring lines lying on the mounting surface 
and having one end connected to the connec- 
30 tion terminal pads and the other end extending 

outward from the plane lattice; and 
said plane lattice having a peripheral zone 
including periodic vacant lattice areas formed 
by vacant lattice sites occupied by no connec- 
ts tion terminal pads. 

2. A multilayer circuit board according to claim 1, 
wherein the vacant lattice areas have an open outer 
side and a closed inner side defined by the connec- 

40 tion terminal pads in a number of r defined by: 

r = b(d -t- s)/(w -H s), d > s and d > w, 

where b is a number of vacant lattice sites occupied 
45 by no connection terminal pads on the open outer 

side, d is a diameter of the pads, w is a width of the 
lead wiring lines and s is a distance between neigh- 
boring pads and is also a distance between neigh- 
boring lead wiring lines, said r connection terminal 
50 pads each having a lead wiring line having one end 
connected thereto and the other end extending out- 
ward from the plane lattice. 

3. A multilayer circuit board according to claim 1 or 2, 
55 wherein the vacant lattice areas are in the form of a 

triangle or a trapezoid having a base defined by an 
outermost line of the vacant lattice sites. 
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4. A semiconductor device comprising a multilayer cir- 
cuit board having a semiconductor chip and/or 
other electronic elements mounted thereon by 
area-array bonding, wherein said multilayer circuit 
board comprises: 5 



a base board having a mounting surface for 
mounting thereon a semiconductor chip and/or 
other electronic elements having lattice- 
arranged connection terminals; w 
connection terminal pads arranged on the 
mounting surface to form a plane lattice corre- 
sponding to the lattice arrangement of the con- 
nection terminals and having lattice sites each 
occupied by one of the connection terminal is 
pads; 

lead wiring lines lying on the mounting surface 
and having one end connected to the connec- 
tion terminal pads and the other end extending 
outward from the plane lattice; and 20 
said plane lattice having a peripheral zone 
including periodic vacant lattice areas formed 
by vacant lattice sites occupied by no connec- 
tion terminal pads. 

25 

5. A semiconductor device according to claim 4, 
wherein the vacant lattice areas have an open outer 
side and a closed inner side defined by the connec- 
tion terminal pads in a number of r defined by: 

30 

r = b(d + s)/(w + s), d > s and d > w, 

where b is a number of vacant lattice sites occupied 
by no connection terminal pads on the open outer 
side, d is a diameter of the pads, w is a width of the 35 
lead wiring lines and s is a distance between neigh- 
boring pads and is also a distance between neigh- 
boring lead wiring lines, said r connection terminal 
pads each having a lead wiring line having one end 
connected thereto and the other end extending out- 40 
ward from the plane lattice. 

6. A semiconductor device according to claim 4 or 5, 
wherein the vacant lattice areas are in the form of a 
triangle having a base defined by an outermost line 45 
of the vacant lattice sites. 
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(54) Multilayer circuit board 

(57) The present invention provides a multilayer cir- 
cuit board for mounting thereon a semiconductor chip 
or other electronic elements having electrode terminals 
or other connection terminals which are arranged in a 
grid, staggered, or close-packed manner in an improved 
form to enable reduction in the number of the wiring lay- 
ers for lead wiring lines, thereby facilitating the produc- 
tion of multilayer circuit boards and providing an im- 
proved product reliability. The multilayer circuit board 
comprises: a base board having a mounting surface for 
mounting thereon a semiconductor chip and/or other 
electronic elements having lattice-arranged connection 
temninals; connection terminal pads (8) arranged on the 
mounting surface to fonn a plane lattice corresponding 
to the lanice arrangement of the connection temninals 
and having lattice sites each occupied by one of the con- 
nection terminal pads (8); lead wiring lines (7) lying on 
the mounting surface and having one end connected to 
the connection temninal pads (8) and the other end ex- 
tending outwardly from the plane lattice; and the said 
plane lattice having a peripheral zone including periodic 
vacant lattice areas (A) formed by vacant lattice sites 
(10) occupied by no connection terminal pads (8). 
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